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Abstract: Sheep pox is an infectious viral disease that affects specifically sheep and it is caused by the Capripoxvirus genus. The 
clinical signs include fever, diarrhea, difficulty breathing, nodules, lung lesions and death. In Morocco, the 2010 epidemic of sheep 
pox was characterized by the emergence of a nodular form of the disease. The local strain was isolated and the analysis of affected 
animals was positively confirmed by virus isolation and real-time polymerase chain reaction (RT-PCR). The epidemiological 
analysis of 911 data records showed that the virus is endemic in the country; an average of 350 cases per year with an epizootic 
evolution was observed in 2010. The incidence varies depending on provinces and the disease appears confined to the central and the 
eastern regions of the country where a very intensive sheep breeding activity is taking place. The statistical analysis showed that 
there is a positive correlation between the endemicity and the significant factor of the rural market (p = 0.006). The annual average 
morbidity and mortality rates were 2.96% (1.26% to 4.32%) and 0.71% (0.41% to 0.94%), respectively. The clinical findings 
associated to the epidemiological data analysis confirmed the presence of sheep pox in its nodular form and suggest that new 
pathogenic strains may have been introduced from Mauritania. The purpose of this work was to provide a better description of the 
spatiotemporal evolution of sheep pox disease based on some epidemiological indicators and to put forward plausible hypotheses 
regarding the emergence of the virus in order to implement an adequate control strategy. 
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1. Introduction 
Sheep pox is a highly contagious infectious disease 
that affects small ruminants specially sheep [1]. It is 
caused by sheep pox virus (SPPV) which belongs to 
the Capripoxvirus genus, the Chordopoxvirinae 
sub-family belonging to the Poxviridae family [2]. 
The infection can give rise to a wide variety of clinical 
signs that may vary according to breed, animal age, 
immunity and the stress level causing significant 
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economic losses to milk, wool and animal production 
due to the severe clinical signs and the high mortality 
and morbidity rates [2]. In Morocco, sheep pox is still 
the virus responsible for the substantial economic 
losses in sheep breeding. Its economic impact on 
livestock in general and on the development of small 
ruminant meat industry in particular, is highly 
important. Indeed, the adoption of new approaches to 
the ranking constraints, based on the analytic 
hierarchy process of animal diseases in terms of their 
impact across the sector, showed that sheep pox was 
among the diseases that hinder livestock development 
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in Morocco [3]. However, during the 2010 epidemic 
in the eastern region of the country, the appearance of 
a new severe form of the disease called the nodular 
form was noted for the first time in Morocco, 
moreover, it has already been reported in Mauritania 
and reproduced via animal experimental inoculation 
by SPPV strains isolated in some countries in West 
Africa. The epidemiological evolution of the disease is 
related to the importance of the level of sheep 
immunity which is conditioned by a regular 
vaccination program. Indeed, during 1970 and 1980 in 
Morocco, the control strategy was based on 
vaccination with an average rate of 50% of the 
national sheep herd. In the 1990s (1995, 1996 and 
1997), this coverage rate was gradually improved to 
reach at least 80% of animals at the age of vaccination. 
Starting from 1999, the epidemiological situation of 
the disease, characterized by a significant decrease of 
outbreaks and cases number, helped to adopt a 
regionalized vaccination program restricted to high 
risk areas, especially in the eastern region of Morocco. 
The other provinces which were not covered by the 
vaccination program were therefore considered as 
healthy surveillance areas. However, the marked 
resurgence of outbreaks from 2001 made it necessary 
to re-adopt a generalized vaccination of sheep. Since 
2004, the vaccination against sheep pox has been 
performed every two years and expanded to the whole 
sheep population and the vaccine used produces an 
immunity that can last for more than 24 months. In 
2008 and 2009, after the declaration of the peste des 
petits ruminants (PPR) in Morocco, the fight against 
sheep pox was focused on the management of reported 
outbreaks. The vaccination became widespread in 
2010 and 2011 after the resurgence of a high number 
of outbreaks, more particularly in 2010, characterized 
by the appearance of the nodular form of the disease 
for the first time in Morocco [4, 5]. In this context, the 
clinical characterization of SPPV, the epidemiological 
analysis of the disease evolution and the control of 
animal movement, seem necessary as preliminary and 
essential steps towards an effective fight against sheep 
pox in endemic areas. The objective of this work was 
to highlight the clinical signs of the disease, to study 
the epidemiological evolution of sheep pox in 
Morocco, to confirm the presence of the nodular form 
by virus isolation and real-time polymerase chain 
reaction (RT-PCR) methods and finally to establish 
links between the appearance of the new clinical form 
and the epidemiological parameters collected between 
2007 and 2012 in the prospect of improving and 
developing a more effective control strategy. 
2. Materials and Methods 
2.1 Data Collection 
The study period extends from 2007 to 2012 and 
covers all sheep pox outbreaks notified by the 
veterinary services in the country. The 
epidemiological data regularly provided by these 
services, concerning the number of outbreaks, the 
number of affected animals and the number of deaths 
by provinces, have been used to conduct an 
epidemiological analysis to better understand the 
evolution of the disease in time and space. The 
database used for this analysis included 911 records. 
2.2 Data Analysis  
In order to better understand the spread of sheep 
pox, the annual spatial distribution of outbreaks was 
done and the “hotspot” areas, such as provinces with 
yearly recurring outbreaks, are identified by using the 
geographic information software ArcGIS v9.2. The 
spatial distribution of outbreaks has been compared to 
that of small ruminants in strategic markets in 
Morocco. These markets were identified based on the 
number of livestock in transit, their capacity to attract 
animals of different regions and the importance of 
their geographical location in relation to major roads. 
The Epi-Info v6 statistical software was used to 
evaluate the relationship between endemicity of sheep 
pox disease and the existence of strategic markets. 
The morbidity and mortality rates were calculated 
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based on the data recorded by Moroccan veterinary 
surveillance network of the National Office for Health 
Security of Food Products (ONSSA). A particular 
attention was given to the 2010 epidemic during 
which the nodular form of sheep pox disease was 
reported for the first time in Morocco and the first 
outbreak was identified in the border area with 
Mauritania (province of Oued Ed-Dahab). 
2.3 Sampling and Clinical Investigations 
Herd health investigations were conducted in the 
eastern region of Morocco in 36 outbreaks declared by 
farmers and the complete clinical examination was 
performed on each infected animal. One hundred ten 
(110) sheep of different breeds Beni Guil, Oulad Jellal, 
Sardi and their crosses were examined. At the same 
time, the autopsies were performed on six animals 
(four lambs and two adults), to describe the different 
types of post-mortem lesions observed on different 
organs. The samples collected from different lesions 
of the body, head, face, lips, tail, skin and internal 
lesions, were taken for confirmatory diagnosis. 
2.4 Virus Isolation 
The infectious filtrate was obtained by grinding the 
sample in Phosphate Buffered Saline (PBS) followed 
by a centrifugation at 600 g for 10 min, then 
filtration through a 0.45 µm filter. The virus was 
isolated on Vero cell line (kidney epithelial cells 
extracted from an African green monkey) causing a 
cytopathic effect in 3-4 d. In a 20 mL flask, the 
confluent cell layer was infected blindly with 0.8 mL 
of the infectious filtrate and incubated at 37 °C with 5% 
of CO2 injection. The cell layer was examined daily 
until the appearance of the cytopathic effect. The virus 
suspension was collected and stored at -80 °C after 
repeated freezing and thawing. 
2.5 DNA Extraction 
The swabs were mixed with 2 mL of 10% sterile 
PBS. After vortexing, the liquid obtained was 
transferred to a sterile tube. The lung nodules were 
milled using 4 mL of 10% sterile PBS and the mixture 
obtained was centrifuged at 2,000 rpm for 10 min. The 
supernatant was collected and maintained at -20 °C 
until extraction. The steps were carried out in a class 
II microbiological safety cabinet and the DNA 
extraction was performed by the QIAamp DNA Mini 
Kit from QIAGEN according to the manufacturer’s 
instructions. 
2.6 RT-PCR Assay 
The RT-PCR method developed by Balinsky was 
used. The reagents were from SensiFAST Kit from 
Bioline, the reverse primer 
(5’AGCATTTCATTTCCGTGAGGA3’), the forward 
primer (5’GGCGATGTCCATTCCCTG3’) and the 
TaqMan probe 
(5’CAATGGGTAAAAGATTTCTA3’), labeled at the 
5’ end with reporter dyes FAM, were used in the 
following cycling conditions: an initial denaturation at 
95 °C for 120 s followed by 45 amplification cycles at 
95 °C for 2 s and 60 °C for 60 s. The primers and the 
probes were synthesized by Operon Biotechnologies 
GMBH and the assay was run on Cepheid 
SmartCycler (Cepheid, Inc., Sunnyvale, CA). 
3. Results 
3.1 Epidemiological Evolution 
The spatiotemporal distribution of outbreaks in 
Morocco between 2007 and 2012 showed that sheep 
pox was endemic throughout the country but its 
incidence varies from province to province and from 
year to another (Figs. 1 and 2). Most provinces are 
affected with variable degrees and the pattern of 
outbreak distribution does not adequately describe the 
disease distribution. Indeed, the virus was present in 
almost all provinces, except in some southern 
provinces. Sheep pox disease seems confined to the 
central and eastern regions of the country where there 
is a very intensive sheep breeding activity, while the 
southern  and north-western  regions seem  to be spared 
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Fig. 1  Temporal distribution of sheep pox outbreaks in Morocco during 2007 and 2012.   
 
 
 
Fig. 2  Spatial distribution of sheep pox outbreaks in Morocco during 2007 and 2012.  
 
by a low density of sheep and livestock activity. 
During 2010, an outbreak of sheep pox was reported 
for the first time in the southern region of the country, 
close to the Mauritanian borders. Through the analysis 
based on the recurrence of sheep pox outbreaks on 
province scale during the 2007 to 2012, the “hotspots” 
in which the virus was stably maintained have also 
been identified. It appears that the virus persists in the 
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north-eastern provinces close to the borders with 
Algeria (Jerrada), in the center of middle Atlas 
mountains and in the central west regions of the 
kingdom (Fig. 3). Within a similar “hotspot” province, 
the spatial distribution of the disease, at the communal 
level, offered interesting prospects for analysis, 
particularly regarding the factors determining the 
concentration of the disease in well-defined 
geographical locations rather than others. This 
analysis is crucial for understanding the persistence of 
these outbreaks despite vaccination campaigns and 
outbreak declarations and it will also help to provide a 
basis for a more focused action on animal health 
surveillance and control. The analysis showed a large 
number of affected rural communities during 2009  
and 2010 (Fig. 4). The recurrence of sheep pox affected 
 
 
Fig. 3  Distribution of outbreaks “hotspot” by provinces during 2007 and 2012.  
 
 
Fig. 4  Sheep pox outbreaks numbers during 2007 and 2012.  
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some rural communities, while the outbreak has 
reached new communities in 2010. The statistical 
analysis showed that the data set is typically deemed 
to be statistically significant between sheep pox 
endemicity and animal rural market which is 
considered as an exposure factor. The probability of 
the phenomenon being random is 1/20, resulting in a 
p-value less than 5%. The odds ratio (OR) is greater 
than 1, then endemicity is considered to be associated 
with the animal rural market (OR = 2.93; CI: 1.30 to 
6.80; p = 0.006). 
3.2 Morbidity and Mortality Data Analysis 
Unlike the evolution of outbreaks, the annual 
morbidity and mortality rates decreased gradually 
between 2007 and 2012. The annual average 
morbidity rate was 2.96% (1.26% to 4.32%) (Fig. 5) 
and the annual average mortality rate was 0.71%  
(0.41% to 0.94%) (Fig. 6); it remains lower than 1% 
in each year. Moreover, it seems that despite 
vaccination around epidemic areas, it did not limit the 
spread of  the disease, but  only reduced  morbidity and 
 
 
Fig. 5  Morbidity rates during 2007 and 2012. 
 
 
Fig. 6  Mortality rates during 2007 and 2012. 
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mortality rates. During 2010 epidemic, the annual 
morbidity and mortality rates were 3.24% and 0.69%, 
respectively. These rates are considered reasonable in 
an endemic country, but remain below a normal year. 
Most probably, the measures taken by the veterinary 
services during 2010 helped to keep the morbidity and 
mortality rates at a low level, but did not curb the 
spread of the virus. 
3.3 Clinical Findings and Laboratory Investigations 
The nodular form of sheep pox disease in Morocco 
is clinically characterized by a general weakening, 
fever, loss of appetite, depression, nodules, nasal and 
ocular discharges. The reddish macules (Fig. 7a) 
appear and quickly change into oval or round 
erythematous papules with approximately 1-2 cm in 
diameter. These papules, most common in clear 
skinned sheep breeds, such as Sardi and Ouled Jellal, 
cover in some cases 50% of the animal body with a 
most obvious manifestation in hairless areas, 
particularly under the groin (Fig. 7b), under the tail 
(Fig. 7c), on the vulva (Fig. 7d), under the arms and 
legs and on the face, mainly around the muzzle and 
rarely around the ears. The papules evolve into 
nodules that can reach 2 cm in diameter. These 
nodules coalesce and become larger and hard to the 
touch, taking the appearance of skin tumors (Fig. 8a). 
The 100% of lambs less than four months died while 
the evolution of skin lesions in older animals (over 
seven months of age) gave rise to a hairless scar tissue 
less common in most of affected animals. The 
autopsies carried out showed the presence of nodules 
in 100% of examined lungs. These nodules are firm to 
the touch, translucent to whitish, embedded in the 
lung parenchyma, variable in size and may sometimes 
reach up to few centimeters (Fig. 8b) and bacterial 
complications are rarely observed. In 100% of lambs, 
the nodules are found in the mucosa of the rumen, 
reticulum, omasum and the abomasum, but they are 
less apparent in the esophagus. The sub-capsular lesions 
 
 
 
Fig. 7  External clinical characterization of sheep pox: (a) reddish maculae changed to oval erythematous papules, (b) under 
the groin, (c) under the tail and (d) on the vulva. 
a b 
c d 
Clinical and Epidemiological Evolution of Sheep Pox in Morocco 
 
110
 
 
Fig. 8  Internal clinical characterization of sheep pox: (a) nodules taking the appearance of skin tumors, (b) whitish nodules 
embedded in the lung parenchyma, (c) subcapsular lesions and well-circumscribed nodules observed in the kidney and (d) in 
the liver. 
 
as small whitish well-circumscribed nodules were 
observed in 50% of cases in the kidney (Fig. 8c) and 
in 30% of cases in the liver (Fig. 8d). The examination 
of the sub-epidermal areas revealed, in 100% of cases, 
the presence of pink-red circumscribed vascular 
macules which coalesce causing plaque forms. 
3.4 Virus Isolation and RT-PCR Analysis 
The virus isolation was carried out in Vero cell line 
and the cythopathic effect was clearly observed after 
3-4 d of post-infection and progressed to 80% after 6 
d. The virus demonstrated a high infectious titer of 6.5 
TCID50/mL after four passages. The RT-PCR assay 
developed by Balinsky was a rapid, specific and 
sensitive method that confirmed positively and 
simultaneously the results of virus isolation and the 
cycle threshold (Ct) values of analyzed samples were 
between 14.46 and 20.83. These results indicate that 
both assays are adequate for SPPV detection from 
skin scabs, lung nodules, nasal, ocular and rectal 
swabs. 
4. Discussion  
The reporting of sheep pox outbreaks in Morocco is 
mainly based on the clinical symptoms. The disease 
affects specifically sheep and no cases affecting goats 
were reported. It is characterized generally by fever, 
lack of appetite and the appearance of lesions on the 
skin passing through stages of maculae evolving into 
papules, then into vesicles or vesicular-pustules and 
finally into dried scabs. The classical vesicular form 
was usually observed in clinical form of SPPV [6]. 
However, during the 2010 epidemic, there was an 
evolution of the clinical aspect into a new nodular 
form with an intradermal location, in the abomasum, 
liver, kidneys and lungs, similar to the pattern 
reported in Mauritania [7] and the findings observed 
in an animal experimentation through the inoculation 
of sheep pox strains isolated in some West African 
countries [8, 9]. This finding has prompted a closer 
a b 
c d 
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examination of all observed cases. The intensity of the 
clinical expression is influenced by several factors 
including age, sex, race, bioclimatic conditions and 
the physiological status of the animal [10]. In this 
study, the clinical signs are more pronounced in lambs 
(2-6 months old), even more in females (70%) than 
males (30%) and most common in clear skinned sheep 
breeds, such as Sardi and Ouled Jellal. Similar clinical 
findings were also reported by the veterinary services 
in various regions of the kingdom [4]. A rapid and 
sensitive diagnostic tool for screening affected sheep 
flocks is essential. The traditional diagnosis of SPPV 
is based on the clinical manifestation, virus isolation, 
serology and electronical microscopy. Among 
molecular techniques that have been well established 
for the diagnosis of infectious diseases, PCR has been 
successfully used for the diagnosis of SPPV and 
considered one of the best alternatives of conventional 
assays due to its sensitivity, specificity and 
reproducibility [11, 12]. The evaluation of 
conventional types of samples, such as ocular, nasal, 
rectal swabs, blood, skin scabs and lung nodules, is 
done by using quantitative PCR [13]. All the studied 
outbreaks were positively confirmed by PCR and the 
virus isolation was done only in two outbreaks where 
the animals were succumbed. Although it has been 
shown that Capripoxvirus strains circulate between 
sheep and goats, some strains can be pathogenic for 
both species with a variable degree of severity in one 
species more than the other. In Morocco, only sheep 
present the clinical signs of the disease [14-17]. Sheep 
pox outbreaks have been reported regularly in 
different parts of the world. The disease was endemic 
in the center and the north of Africa, the Middle East 
and India [17]. In Africa, it was reported from time to 
time in different countries: Sudan [18], Nigeria [19], 
Kenya [20], Ivory Coast [21], Senegal [22], 
Mauritania [7], Algeria [23] and Tunisia [24]. In 
Morocco, it should be noted that despite the different 
control measures undertaken for many years by the 
veterinary services, the disease continues to persist in 
an enzootic form due to the regular and significant 
number of sheep pox cases recorded annually (an 
average of 350 per year). Generally, the evolution of 
sheep pox curve between 2007 and 2012 showed 
largely disparate annual variations. A review of the 
epidemiological data collected during this period 
showed that sheep pox is endemic with an epizootic 
peak in 2010. The widespread vaccination campaign 
of 2007, despite a coverage rate of over 80% [4], 
failed to reduce and control the number of disease 
outbreaks. This evolution could be linked to the 
incursion of another pathogenic strain from 
Mauritania. This hypothesis is substantiated by the 
appearance of the nodular form of sheep pox for the 
first time in Morocco and reported for a long time in 
Mauritania [7]. Considering the evolution of outbreaks, 
the new incursion of SPPV could only be relatively 
old (before 2010), just the required time for the virus 
to reach these regions at a high sheep density. In some 
regions around the world, sheep pox outbreaks were 
observed throughout the year with seasonal variations 
directly influenced by bioclimatic factors [10, 23]. In 
Algeria, the highest average number of outbreaks was 
recorded in autumn [23], while in some parts of India, 
the outbreaks were reported during winter and 
summer [25]. By contrast, in Mauritania, the evolution 
is seasonal (October through March) and cyclical [7]. 
In Morocco, the temporal evolution of sheep pox 
showed that within annual fluctuations, there are 
seasonal variations which would probably be assigned 
to the reproductive cycle of sheep. Indeed, the analysis 
of the evolution of sheep pox outbreaks between 2007 
and 2012 showed that they are mostly recorded during 
winter and autumn period (February through October). 
In fact, the lambing season is in October-November. 
The maternal antibodies disappear in lambs whose age 
is more than three months and accordingly gives a 
very sensitive young population while the 
confinement of animals in stables during winter 
facilitates the viral transmission especially as the virus 
can withstand in the environment for months [17]. It 
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should be noted that the use of widespread vaccination 
in 2011 helped to reduce the number of outbreaks and 
to maintain a certain control of the disease in 2012. 
However, the strategy adopted between 2008 and 
2011, based on vaccination around outbreak areas and 
application of animal health measures (slaughtering 
infected animals and disinfection of the barn), turned 
out to be ineffective in the breeding of small 
ruminants within Morocco. The proximity of sheep 
pox infected areas to the communities hosting 
livestock trading platforms could provide explanatory 
hypotheses on the determining factors of sheep pox 
endemicity in those areas. In fact, it seems that the 
disease distribution, at the community level, tends to 
concentrate in gatherings of neighboring communities 
via trading activities (weekly markets). Morbidity and 
mortality rates vary from region to region and from 
country to another. During the epidemic in Mongolia, 
morbidity and mortality reached an average of 14.5% 
(0.8% to 34%) and 0.6% (0% to 2.6%), respectively 
[26]. In Mauritania, reported morbidity ranged from 
10% to 15%, while mortality was less than 5% [7]. In 
Mali, mortality rate of 23.3% (over 60 cases) was 
attributed to sheep pox [27]. These rates are generally 
higher in lambs, the immunologically naïve animals 
and the animals with concurrent infections as well as 
in pure and cross breeds [28]. In Morocco, the annual 
average mortality rate was 0.71% (0.41% to 0.94%); it 
remains lower than 1% in each year. Morbidity and 
mortality rates may account for underreporting of 
cases and trivialize the measures that farmers should 
take to prevent the spread of the disease. Awareness 
raising and training of farmers are the key factors to 
take into account when developing the strategy for 
fighting sheep pox. 
5. Conclusions  
Sheep pox is an endemic disease in Morocco which 
occurs in an epidemiological context marked by the 
emergence of other contagious diseases including the 
bluetongue and the PPR. The clinical symptoms 
observed are those of the nodular form. Therefore, it is 
important to keep in mind the possible coexistence of 
two clinical forms of sheep pox in Morocco, the 
classical vesicular form and the nodular one. The 2010 
epizootic sheep pox in Morocco was probably linked 
to an incursion of pathogenic strains from Mauritania. 
The understanding of the disease is based on the 
clinical diagnosis and the knowledge of the 
epidemiological evolution of the virus. These 
illustrations are preliminary and a valuable tool for an 
improved management and control of the disease in 
Morocco. 
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